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PURPOSE: An AIGalnN semiconductor LED is provided to improve external quantum efficiency by 
forming n-lnGaN layer on p-GaN and etching a predetermined portion of n-lnGaN to make 
prominence and depression so that the light limited by the critical angle can be extracted 
CONSTITUTION: A buffer layer(21), an n-GaN layer(22), an InGaN/GaN active layer(23), a p-GaN 
layer(24) and an n-lnGaN crystal layer(25) are formed on an upper surface of a substrate(20) in a 
consecutive order. An ohmic contact electrode(27) is formed on the depressed surface after a 
predetermined portion of the upper surface of the n-lnGaN crystal layer is etched. A p-type electrode 
pad(28) and an n-type electrode(26) are deposited on the transparent electrode for electrical 
connection to the external. 
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£ 3fe e ^gofl [ChS AIGalnN Bh£*fl 3 £**2| £A[tf 
£4£g gfgofl °|& n *a| tfS*|-fc AW 

E5feg Sfgofl oje n S^ p ss| 59 *jB|# tigsfe <HMx| *h = c\o\o]n.m. 

10, 20. 7|& 11, 21. tHniS 
12, 22. n - GaN S 13, 23. InGaN/GaN if^S 
14, 24, 34. p - GaNS 15, 27, 37. ^@£R 
25, 35. n InGaNS 16, 26. 

17, 28.p«a«t sr 39. srgs 

W80I **Sfe 7[# a! a MOtoj seH7|* 
ft AIGalnN BJ-£*I| LED §J =L S|£ tFHW ffff 5J°5.Ai #AU*Mlfc p- GaN #<H| n In x Ga,. x 

n s§ i^tm n sai sj^m ±izi-*w s-asu tre s^ai mm\ s^s sgsu. n s aa* 
s#ai H^o S ascH ai¥ sm *i7is|os ?Hde mitmn asn ±xm m now. 



yysifiS GaN7^| LED( Light Emitting Diode) If 4:X^, £j¥ £oj E £Aj£I UhS|- ^0|, A|-E|-0|0-j 7|B(10) 

#0fl bufferS(11), GaN 5(12), InGaN/GaN 1£S(13), pS GaNS(14), Ej^Sl ¥§£R(15), n§ 

^(16) Si pS S^£R(17)°S. y ^°^M, &7| A^0|0-|7|=i-(10) #<>t| bufferS(11), nS GaN §(12), 

InGaN/GaN t^S{13) GaNS(14)t ^*|^£S US & * r n§ 3^E!^(16)°| SSS *i«H 

ft #7| GaNS{12)7^X| 4|zft etching) «Hj1 p p- S GaN £Jejofl £R( 15) ft S^ff ^S, nS 3*%£R(17) 



£ 10M MOI^OI 7|£2| LEDOflfe p- GaN°| A"^gO| DH¥ 3# tf#S ^7| NiAu §2f 

&e ch^th §#a| ¥S £ D -I 5^{15)S *H5*UL ?M. 0|&m °J B J^ ^ nmOflAH 4=^ nm ¥^IS 

7^fedi ¥^IS w5l^ p- GaN sal * 5|fW&o| s<H«=fe saw °!xieh ^ *j^a| %wso| ^o^ah 
"Jo\ moimn E-loH a|¥ ^^aso| m. ¥S ^^a| ¥7^1 §J SSa| tfSFE 

(Hi 60 ~ 80% S£» 7^0-. o| A o h ^°5 %mz\on & i'ai 20% ~ 40%fe chip fl^ a h S£|x| s 

sffe &So| ejcK 
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iff LEDS-I S-Sge U¥ JiSah st|¥ lHt<Hs|eH m¥ gfxh jsiftS fi&«°l -yaw gst(H| ccl-Bh 

m asscK fii¥ sra i-gsoiw i^-as aid cwpsj £i¥s M-afe siofl ujEW asm. s 

GaN ft£o|L|- sapphireSl 3¥ 3Sfto| 1°j §7|go=j ai 0 | l[£7| ?|©HAib %W|z|"ft y<Ho* t}c\. 
£ 2b SS§0| AH^ GaN3|- §7] £b 4X|A r 0|0flA4 4 SSftOfl [D* SS^S MEtf. ^H<HW MO| 

SO| t#4 6 2 = 90££J <&HZ\ qc = sin- 1(n low /n high ) 5 S.A\S\JL GaNO^Ai chip°| g7]g°5 £0| S 
St Efl ij7||Zte °f 2 3.6£7f SCK O|#o| ZJ££ ^AH £fe chip°| L^¥^ ^A| SOh7|-7H| JEjJH gjO| chip LH 
¥0| 7h¥0i AMI EU epi $ Eb A^o|(H wafer U{Q\\M «4=7|- £|o-| Sm^ftb 3 7 -3t| ijo^MI 

¥ tf7|ff 5H 7 JSt-7| ohgEj 5Ho^AH, b ^@oj sxng p _ ^ A^j n | nxGa (1 _ x) N gg 

t^il n InGaN ©°| ^^oi 2^o| Srgeofl nS ¥S £^ S^ft tl^SU n S 13 

(Hi ^ asrs oissK>=i mmo]\ mmt ais s>ib<s- ^moi m %w tit *]7i^o^ m # m yj S7i \ 

<ao|c| i^o| ^ofl ao|ch 

0|£h SfS &^7| flaw ¥ Sigoll CErS SS* SS^I tf£Afl ±Xfe rv p- n SJtf ^0|2= ?lb Ga 

N7|| Hh£*fl £*rOfl 5JOHAH, 7|£ LED ±Xt3\ SB ^S^J P- GaN S tf*<H| ±£21 ¥fllft #b n « InGaN/G 

aN SSSft n SSI °d¥S 7^f^ n % tfofl £g§ S«fU JE°JS SSSSsrTil §M £|¥ °J 

¥ argoii o.it+ led £^chi o| 7 ^ acK 

£ 3S ^SOII tErff BtE.*l «■ ±A>o| £A|fi ErE!EO|cF. 

£ 3<H| EA|S U|-Sr SOI, ft 7|£2| p . n g ^^f^fe &£| n - p- n C^O|2H =?£.B\ QaHH ^T^X^AH, 

7|&(20) fltHj bHiHS(21), n- GaNS(22), InGaN/GaN tf^S(23),p- GaN §(24), n In x Ga (1 . x) N ^S®(25) 
S 6*r*|oS #• 4T7| n ln x Ga (1 . x) N S(25) ^¥ iS°l n §2| ^jZtSU, rfcSSJ ¥^|7r 

n SSj oj ¥fi y 7 |bd|, 4:S2| fefTHI £ife n g£ n S^o^ n- n S o|-5H^I SJ=?H| 

n #oj| £g S^l ¥S S^(27)S ^§ S^4T(H| 5>I¥SS| <2j23 fl» P- S 

28) ft n S°| SJ¥2r P$^| °J¥, 35|H S^$o| oj ¥fi Ai^ sfJ1 n . GaN g a^] n . S ^(26) ft S 

^7|nln x GEh. x N(0<x< 1) 2^S(25)b 1.0 nm < f < 10,000 nm £S£|cH. n feEte 10 

17 /cm 3 <n < 10 23 /cm 3 °^?^ScK 

£ 4b n m\ S§ S^S ¥S 3^(27) ft ¥SJ AH|¥ MOU ojcK n S°| °J¥S m 

mi JL&m s.m S4f°s a-soi t^sopi s- « ?ift^^ ai¥ gf^Aftft ?wm ^ 

SJSft sou SJcK 

£ 5b £ 3°| B - B< geopio| o^L_Hx| ^ c r O|0^1ft M0|J1 ?JbC|| n in x G ai . x N(0< x< 1) S^r 3^ 
aB|H p SO| ?gS r fe Ejs SI^SI £|B|ft ^gsU «Cf. 3^ S^Ofl (+) S2l"ft t(hole)0| fj 

#o| °|5H p GaN §55 S^5r7| flfHAH gfg n In x Ga,. x N(0< x< 1) §0| 7Sf MO|i ^JcK 

#7|£! tdh^h ^0| b Sl¥ Sf^rSftS *|7!^jo^ 7f| Aj# h AH^o ?5 o| d h£ ^| ^0|cK £ 2CHIAH MOROI 

60 - 80% S£« 7r*ib ¥S D J^S il^Sh tFoi chip ^0o S o| § 7Hd^b 

?JcK JEff 3£0j|AH ao|^o| chip2j seft S4T°S W^So^AH m\ & ttt fti^Eft ?lft° 

m SJ¥ g-^rASft ?H^dfi 4= ?JSft Mo|n ?jch 
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&7|th bl|-£f &0| 0|¥<H*|fe ¥ uhgoil °|S|-ei p- GaNS &¥<H| n In x Ga^ N(0< x< l^SUl n \n x Ga^ 

X N(0< x< 1) SSI iJ¥S4:§£| n ln x Ga,. x N(0< x< 1) SO] ^Sl-H, SMI n ln x Ga,. x N{0< x< 

1) b m\ ¥S s^s s^skm ¥g s^o| oH^g ±\±mnoi %°\ s\+ ^ss sm, e-^ s^khi °i 

Sfl n - 3^ S^olAi n SS SSHAi p- GaN°^ hoieO| 53E|£^ p- gcH| *|S £S SWS d] 
SH m s>o=| «^ 4= &U, n In x Geh. „ N(0< x< 1) S°| £H§ o| ^aho^ 

S A ^f2£^ SJ°J ITS £W|zrg S^A|?i S^go|Ai chipsl tf¥£ S?S ^cHSh ®M £|¥ SfxKS.® 

(57) m\ 
1. 

n- p- n 3HJ C*0|£H ¥51 ^fe GaN^I ttESfl ?JO-|Ai 

WElM ±X9\ Qj flSej p- GaNS #3f°| #¥<»! n SfiJ In x Ga,. x N(0< xs 1) S« S^IL n 32| o JS * m aitj- 
§W £S°| n Sg ^Ln, BM| feTS n in .Ga,. x N(0< x< 1) tfofl ¥S n-£g^ *J?fS SgSM ±WS\x\ 
8t£ n ln x Ga,. x N(0< x< 1) S°| JESS £g EhfiO-l tggoM chip°i #¥3. ^ftElfe SJ°I #S i|0| 

^?tr 2. 

pS tf¥(H|&fe lnxGa,., NS| In xfe ln z Ga,. z NS| zMC* SfTll ¥«Elfe 5. ^ x ( z. 

3. 

*ll 13M £JcHAH, #7j n In.Ga,., N(0< x< 1) ^4^7| £ojj ¥fll(h2)# 1.0 ~ 10,000 nm°| £ 
S^S- 4. 

*ll 1S"0H| °!cHAH, ^^£|J1 y-g n InGaN §(h1)£ 0.5 ~ 100nm°| ¥fl|£ S^tfe 5. 

5. 

Ail 1§ofl fclcHAH, n InGaNSl 10 17 - 10 23 /cm 3 2S S^Sl-fe ^S°S tfe SSh ^S^l LED BhE 

M 4; Ah. 

S¥« 6. 

All 1SCHI 2J0^A^, o^o| ^(di)S 100nm ~ 100,000nmM 5. 
S¥« 7. 

All 1§tH| ?Jo^A^, &jz|-S ¥¥°l ^(d2)fe 100nm ~ 100,00nmS. 5. 

8. 



n- p- n Cho|o c GaN?=ll ^ofl VMM, 
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±X\9i EH p- GaNS #*£| &¥<H! n g°l In z Ga,_ z Nz(0£ z< 1) SS Chft °|§ IfS 7^ 

S n SS| !n y Ga,„ y N(0< y< 1)g§ XfSllS. ^SMjI. tf»S| n ln y Ga,_ y N(0< y< 1) S°l U¥» AHa^o^ a) 
^to|-o=j S^go| n ln z Ga r z N(0< z< 1)t§ y-7|J», SMI y-£ n ln z Ga,. z N(0< z< 1) &CH! fgn- 2§ 3^ S 
»g £g^<H oj^S SU, n ln y Ga,. y N(0< y< 1) 6°l i^S 2^ t^o^ t^S<HW 

chip°| H JS£lfe *!<H §fS eh£*« 

9. 

fll 8S«H| ?JCHAH, #Sfi| n in y Ga1- y N(0< y£ 1) 3SS£ 1.0 ~ 10,000 nm°| SSEJjI. StSSl n In z Ga-j 

_ z Nz(0< z< 1) 1.0- 100nm°| ¥$1^ ¥ n g°| ESfeES 10 17 ~ 10 23 /cm 3 P.^ ZEgZ[ 

2# sfe a& im^i led ±n. 
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